J.§, 
Bick. 


others 


eplied 

Was 
hanks 
1d the 


; for 


ership 


Jelley, 


E. 








rd 


ie 
TRANSACTIONS 
OF THE _ 
ILLUMINATING ENGINEERING 
SOCIETY 
[FOUNDED | INCORPORATED 
CONTENTS 


Page 
Bright Light Sources, Part I].— 
The Electric Discharge Lamp, 
By J. N. Aldington, B.Sc., Ph.D., 


F.R.I.C., F.Inst.P. (Fellow) - ma * 
Sessional Meetings - ~ - - 40 
VOLUME. XI.—No. 2 32 VICTORIA ST 
FEBRUARY, 1946 LONDON, S.W.1 

















SESSION 1945—1946 


THE 1.E.S. COUNCIL 
President :—H. C. Weston, F.I.E.S. 


Vice-Presidents :—Howarp Long, M.I.E.E., F.1.E.S.; H. E. Cuastenry; 
J. M. Watpram, B.Sc., F.Inst. P., F.1.E.S. 


Members of Council*:— 
Elected Members :— 
J. N. Aupineton, M. G. Bennett, P. V. Burnett, W. J. G. Davey, 
W. E. J. Drake, F. 8. Erte, W. M. Hampton, A. G. Hieatins, J. G. 
Homes, W.C. Huston, R. Maxrep, A. J. Pasuurr, C. W. M. PHItirs, 
J. S. Preston, E. B. Sawyer, Geo. Situ, J. F. Stantey, W. S. 
Stites, J. W. Wurraker, T. Winkie, G. T. Wincu, W. D. Wricur. 


Ex Officio Representatives of Areas :— 


Midland Area: R. G. Witi1amMs Scottish Area: M. G. Say 
Nth.-East. Area: E. C. LENNox Sth. Wales Area: 
Nth.-West. Area: H. C. Waite T. Davin JonEs 
Nth.-Mid. Area: A. J. HoLttaAnp Western Area: R. EK. Tucker 
Hon. Treasurer :— Hon. Secretary :— 
N. V. Everton. J. 8. Dow. 


*In addition, all Past Presidents of the Society are ex officio Members 
of Council. 


Secretary :—Raymonp Pye. 





Committees 


GENERAL Purposes CommitvEE: H.C. Weston (President), N. V. Everton 
(Hon. Treasurer), J. 8. Dow (Hon. Secretary), H. Buckley, E. Stroud 
(Past-Presidents), Howarp Long, H. E. Chasteney (Vice-Presidents) ; 
8. D. Lay (Nth.-Eastern Area), H. C. White (Nth.-Western Area). 


Papers CommitrEE: H. Buckley, A. G. Higgins, J. G. Holmes, R. Maxted, 
J. 8. Preston, F. C. Smith, J. M. Waldram, J. W. Whitaker, G. 
T. Winch. 

LicutinG Reconstruction (ad hoc) Commirree: R. O. Ackerley, (Chair- 
man), Dean Chandler, Dr. §. English, Perey Good, W. J. Jones, 
Dr. C. C. Paterson, F. C. Smith, Dr. J. W. T. Walsh. 


Areas Jomnt CoMMITTEE :— 

Representatives of Areas: (Midland Area) R.G. Williams, (North- 
Eastern Area) 8. D. Lay, (North-Midland Area) E. G. R. Taylor, 
(North-Western Area) A. E. Darlington, (Scottish Area) F. M. Hale, 
(South Wales Area) W. G. Chilvers, (Western Area) R. E. Tucker. 

Council’s representatives: R. O. Ackerley, H. Buckley, E. Stroud. 


(N.B.—The President, Hon. Secretary, and Hon. Treasurer are ex officio 
members of all committees.) 





wens 


BRIGHT LIGHT SOURCES, PART II.— 


THE ELECTRIC DISCHARGE LAMP 
By J. N. ALDINGTON, B.Sc., Ph.D., F.R.I-C., F.lnst.P. (Fellow). 


(Paper read on December I Ith, 1945.) 


SUMMARY :—In contrast with Part I. of a paper entitled ‘‘ Bright Light Sources,”’ read 
before this Society on November 14, 1944, in which incandescent tungsten filament projector 
lamps were discussed, the present paper deals specifically with high brightness electric 
discharge lamps. Attention is directed to considerations of those factors wihich influence the 
brightness of the electric discharge and reference ismade to certain definte types of lamp 
which have emerged in the last few years, as well as toa number of types which are still in 
the experimental stage. To enable the discharge of an electric current to produce a light 
source of high brightness some or all of the following conditions must obtain in the arc: 
ft) High luminous efficiency; (b) high voltage gradients; (c) high current density. The 
inter-relation of these three factors is discussed. Both air-cooled and water-cooled mercury 
vapour lamps are described and some details are given of their properties and uses. 
Attention is drawn particularly to the 500 and 1000-watt ME air-cooled compact source 
mercury vapour lamps. Progress in the development of ME-type lamps up to about | 5 kws. 
is outlined, and some of the factors which governed various stages in the development are 
described. The second section of the paper deals with low-pressure gas discharge lamps. 
The essential circuit components for operating high brightness condenser flash lamps of this 
type are described. The magnitude of the discharge currents and lumen oujputs which can be 
obtained are indicated. Some applications of condenser flash discharge lamps are mentioned. 





In Part I. of a paper entitled 
“Bright Light Sources,” read before 
this Society on November 14, 1944, 
attention was devoted almost entirely 
to considerations of incandescent 
tungsten filament lamps. The various 
factors which influence the brightness 
of these sources were discussed and 
illustrated by examples of a wide 
range of projector lamps. In the de- 
sign of such lamps it was shown that 
compatible with other essential fea- 
tures the object was to concen- 
trate the maximum possible energy in 
the smallest possible space. To 
achieve the optimum result it was 
necessary to take account of the 
optical system in association with 
which it was desired to use the light 
source. 

In the present paper attention will 
be directed to considerations of the 
factors which influence the brightness 
of the electric discharge, and refer- 
ence will be made to certain definite 
types of lamp which have emerged 
in the last few years as well as to 
certain lamps of an experimental 
nature, the properties of which jus- 


tify their being classed as bright light 
sources. 


GENERAL PRINCIPLES 

To enable the discharge of an elec- 
tric current through a gas or metallic 
vapour to produce a light source of 
high brightness some or all of the 
following factors must obtain:— 

(a) High luminous efficiency. 

(b) High-voltage gradients between 

the electrodes. 

(c) High-current density in the dis- 

charge. 

The inter-relation of these three fac- 
tors will be understood by reference 
to a simple example. If the efficiency 
of light production in an electric dis- 
charge lamp is 1 L/W, then for a given 
size and shape of source the bright- 
ness will be only one-fiftieth of that 
of an identical lamp dissipating the 
same wattage at 50 L/W. The same 
energy dissipation between the elec- 
trodes might be obtained, however, 
either by a comparatively high voltage 
drop and a low current or by a com- 
paratively low voltage drop and high 
current. These alternative methods 
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for producing lamps of the same load- 
ing may have a marked effect on the 
efficiency of light production. For 
example, in the case of mercury 
vapour lamps the efficiency increases 
progressively up to about 55 L/W, 
with increases in the voltage gradient 
in the arc resulting from increases in 
mercury vapour pressure, the effect 
on efficiency of an increase in current 
at a constant pressure being much less 
marked. 

The reverse result is produced with 
certain other gases and metallic va- 
pours where the effect of increasing 
the pressure is to produce a decrease 
in the efficiency of light production. 

It must be understood that these 
examples are not generalisations, but 
are true over specific regions in the 
wide range of operating conditions 
which may obtain in the design of 
electric discharge lamps. 

An object of the present paper 
is to examine a number of different 
types of lamp which have emerged 
in more or less standardised forms as 
a result of studying the effects of some 
of the variables already mentioned. 
Consideration will be given to two 
main classes of electric discharge 
lamps, namely, metallic vapour lamps 
and gas discharge lamps. Only 
those types which are suitable for pro- 
jection work will be discussed, and 
no attempt will be made to produce a 
complete catalogue. On the. other 
hand, it is hoped that this brief review 
will illustrate the trend of develop- 
ments during the last few years with 
perhaps some indication of possible 
lines for future development. 

Attention will be devoted almost 
entirely to considerations of the lamps 
themselves and their applications. For 
information regarding circuit arrange- 
ments the excellent review by Messrs. 
Maxted and Hull should be consulted.1 


METALLIC VAPOUR LAMPS 

Among the metallic vapours which 
have been used in high brightness 
electric discharge lamps, mercury, 


= {29 


cadmium, and zinc may be cited by 
way of example. By far the most im. 
portant of these at the present time js 
the element mercury. A great deal 
has now been written regarding the 
possibilities of electrically excited mer. 
cury vapour as a source of light.212 
Of the numerous types of successfy] 
mercury lamps on the market or 
known in the art it is proposed to 
draw attention only to those falling 
in the classes designated below:— 
(1) MB—High - pressure mercury 
vapour lamps operated in tubular 
quartz envelopes, loading below 
100 W/cm. 
(2) MD—Water-cooled quartz capil- 
lary tube lamps. 
(3) ME—Air-cooled quartz 
mercury lamps, 
100 W/cm. 


Mercury Lamps, Type MB 


This type of lamp, in both 80 and 
125-watt ratings and in pearl or fluor- 
escent bulbs, has found extended use 
for general illumination and street 


bulb 
loading above 














Fig. 1. 125-watt mercury projector lamp 


(type MB/D). 
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lighting purposes. There is, in addi- 
tion, a quartz lamp in this category 
which has been designed specifically 
as a bright light source projection 
lamp. It consists of a tubular quartz 
bulb of 125 watts rating mounted in a 
tubular clear glass envelope and fin- 
ished with a prefocus cap, see Fig. 1. 
In the production of this lamp 
for projection purposes, it was neces- 
sary to ensure by careful electrode 
design that the arc would burn 
steadily and without lateral move- 
ment. The problem of producing a 
lamp which would burn with a per- 
fectly steady arc was solved in the 
laboratories of members of the Elec- 
tric Lamp Manufacturers Association, 
and as a result MB/D (vertical burn- 
ing lamps) have been made available 
for precision optical work. They may 
be operated either on A.C. mains with 
a suitable series choke or on D.C. 
mains with a series. resistance. 
Suitable values for this resistance are 
given in Table 
TABLE 1. 


ResSISTANCE VALUES FOR D.C. OPERATION 
or 125-warr MB/D Lamps. 


Mains voltage. Resistance (ohms). 
200 76 
210 86 
220 92 
230 102 
240 110 
250 121 


The physical dimensions and general 
characteristics of this simple form of 
mercury vapour projection lamp are 
given in Table 2 below:— 


TABLE 2. 
Detaits or MB/D Prosection Lamps. 
ype l. Type 2. 
Lamp wattage 125 125 
Supply voltage 200/250 200-250 


Centre bright- 


ness of arc ... 800-1000 stilb 800-1000 stilb 
Overall length 185-+-5 mm. 145+ 10mm. 
Light centre 

length ... ...115-+-2mm. 95-+5mm. 
Diameter... 48-+-3 mm. 32-+ 2mm. 
Outer aa Clear tubular Clear tubular 
Cap P.28/25 E27/25 


B22/25-3-pin 

An important feature is the linear 
nature of the source, the dimensions 
of which are approximately 3 mm. x 


25 mm. As with other types of high- 
pressure mercury vapour lamp, a 
period of time up to 10 minutes must 
elapse before full brightness is 
attained, but once the lamp is in full 
operation the arc burns almost as 
steadily as the filament of an incan- 
descent tungsten filament projector 
lamp. Other designs of air-cooled MB 
mercury vapour lamps were described 
by Francis and Wilson in a paper de- 
livered before this Society in 1939.9 


Mercury Lamps, Type MD. 

The type of mercury vapour lamp in 
which a high-pressure mercury dis- 
charge is produced within a capillary 
bore thick-walled quartz tube cooled 
in a stream of running water, is now 
well known. It is available in 500 and 
1,000-watt ratings. The principal 
characteristics of these two sizes of 
lamp are given in table 3 above, 
from which it will be seen that the 
1,000-watt lamp differs from the 500- 
watt lamp principally in respect of the 
arc length. The effect of this is to pro- 
duce approximately twice the arc 
voltage drop at the same current. It is 
for this reason that the efficiency and 
brightness values of the two lamps are 
almost identical. 

TABLE 3. 
Data on 500 anv 1,000-wart MD/H Lamps. 


Wattage ... ... 500 W. ~=1,000 W. 
Open circuit — 600 1,200 
Arc length .. .13+2mm. 25-+-2mm. 
Lamp operating cur- 

rent. 1-35 amps. 1-40 amps. 


Initial peak brightness30,000 stilb 30,000 stilb 
Average life for 100 


switchings - 100hrs. 100 hrs. 
Efficiency ... - 6OL/W. 624 L/W. 
Circuit 


. Operated on stray- 
field transformer 

It will be realised from a study of 
this data that a 2,000-watt MD/H lamp 
will be produced by using an arc 
length of 50 mm. instead of the 
25 mm. of the 1,000-watt type. 

Figure 2 shows a typical example 
of a water-cooled mercury vapour 
lamp. Details of the water-jacket and 
water union are shown, from which it 
will be seen that the cooling water 
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fiows in the annular space between the 
quartz burner and an inner guiding 
tube, and returns in the outer space 
between this guiding tube and the 
tubular wall of the outer jacket of the 
lamp. For convenience it has been 
arranged that one terminal of the lamp 
is earthed and the other terminal is 


which comparatively large areas re 
quire to be illuminated, or for the 
illumination of slits in certain optical 
equipment. 

Various 


modifications of the 


original MD/H lamps have been 
worked out to produce a light source 
projected 


of larger area. For 





500-watt. 





1,000-watt. 





Water union. 
Fig. 2. 500 and 1,000-watt water-cooled lamps (type MD/H) with holder and water union. 


brought out to a suitably insulated 
high-voltage connector. The chief 
value of this type of lamp lies in the 
fact that the high centre brightness of 
the discharge column is attained 
within two or three seconds after 
switching on. Its linear form renders 
it very suitable for projection work in 


example, two or more burners may 
be mounted side by side within a 
single water jacket. In another de 
sign a mirror has been introduced 
into the water jacket so arranged 
that two images of the source appear 
one on each side of it and in the same 
optical plane.** Experimental lamps 
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have been made in which the quartz 
purner is bent into the form of a 
bight or a spiral,'® but these designs 
nave not been found capable of the 
same high loading per unit length as 
the straight tube, and it has been 
found more difficult to provide ade- 
quate cooling. It will have been 
realised that the function of the water 
is to prevent the quartz capillary tube 
from reaching an excessively high 
temperature. A similar cooling effect 
may be produced by means of an air 
blast, and this method has been 
applied in certain special circum- 
stances although the loading of the 
lamp per unit length cannot be made 
as high as in those cases where a 
liquid cooling medium is employed. 
While in many cases it is possible to 
operate the water jacket directly 
from the water supply mains the 
cooling water then flowing to waste, 
for some purposes it has been found 
essential to use a water circulating 
system. Equipment has been de- 
signed in which the cooling liquid 
after leaving the lamp is reduced in 
temperature by means of a radiator 
before being returned once more to 
the lamp, and in another design a 
small reservoir of water acts both as 
a storage tank and cooling vessel in 
the water circulating system. To 
cater for the eventuality that failure 
to switch off the lamp before the flow 
of water ceases might result in 
damage to the lamp due to over- 
heating, an electrical cut-out operated 
by a reduction in the flow of water 
may be fitted in the cooling system. 
Some very compact arrangements of 
this nature have been applied in 
practice, and experience has shown 
that both the 500 and 1,000-watt 
MD/H lamps can be made to give re- 
liable service under a wide variety of 
conditions of use. For example, 500- 
watt MD/H lamps have been used 
by Messrs. Ross, Ltd., for the printing 
of high definition graticules and 
hundreds of thousands of these grati- 
cules have been produced with the aid 


of the light from the MD/H mercury 
lamp which has been found most suit- 
able for obtaining rapid exposures. 


Mercury Lamps, Type ME 


As distinct from the linear arc of 
the types of lamp just described, the 
arc of the ME lamp is practically 
spherical in form. The smaller lamps 
of 250 and 500-watt rating have 





(a) (b) 
Fig. 3. 250-watt mercury projection lamps 
(type ME) 


already been described. % 1°11. They 
have entered the optical instrument 
and illumination fields in competition 
with small carbon arcs, and with high 
brightness tungsten filament projec- 
tor lamps, and where a high and uni- 
form brightness is required, they 
represent the most convenient and 
most efficient bright light source yet 
available. For example, the Hilger 
universal projector and the Hilger 
tool makers projectors utilise 250- 
watt ME lamps of the type shown in 
Fig. 3(a). The excellent definition 
of these profile and inspection pro- 
jectors is assisted by the high bright- 
ness and stable arc of the latest forms 
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of ME lamp. Beside the three-pin 
base mounting this lamp is also avail- 
able in a standardised form with a 
large prefocus cap, and this latter de- 
sign is recommended for general pur- 
pose use. Fig. 3(b). 

For certain experimental optical 
projection jobs the properties of the 
high-pressure mercury vapour arc 
have been utilised to provide a light 
source of approximately 1 mm. x 
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1mm. An experimental form of this 
lamp will be demonstrated. It is a 
small edition of the types of ME lamp 
which are now well known. In its 
design it was necessary to pay special 
attention to means for ensuring that 
the arc remained stationary between 
the electrodes, as with such a small 
source any movement of the arc 
would severely affect the usefulness 
of the device. Such lamps are not 
generally available at the present 


time, but they indicate a limiting 
form of this type of mercury vapour 
lamp. With a dissipation of 100 watts 
a point source lamp may have aq 
brightness at the centre of the arc of 
about 50,000 stilbs. The author is not 
aware of any other light source of 
comparable small size and brightness, 
Like all high-pressure mercury 
vapour lamps a period of time must 
elapse before full brightness js 


Fig. 4. 1,000-watt mercury projector lamp 
(type ME). 


BULB DIAMETER 
D5 Nns. Max 








attained, but for many purposes this 
is not regarded as detracting from the 
usefulness of this interesting 
development. 

Since the paper of Francis and Wil- 
son read before this Society in 1939’ 
a 1,000-watt ME lamp has become 
available, and a very considerable 
amount of development work 
been carried out on larger sizes 
naturally cooled lamps up to 15 kWs 
rating.!* Still higher wattage diss 
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pations have been obtained by forced 
coling of the bulb. It is proposed to 
briefly describe the 1,000-watt ME 
jamp and then to illustrate some of 
the principle considerations which 
influenced the development of lamps 
of much higher brightness. As will 
be seen from Fig. 4, the  1,000- 
watt ME lamp is designed for opera- 
tion in free air, that is to say the 
quartz bulb is not enclosed within an 
outer jacket, as is standard practice 
with the 250 and 500-watt types, and 
therefore a double-ended design has 
been found convenient. Similarly, all 
lamps designed for loadings greater 
than 1 kW rating are of the jacketless 
type. In the case of the 1,000-watt 
lamp the terminals are situated at a 
sufficient distance from the spherical 
bulb in which the discharge takes 
place to enable them to operate at a 
reasonable temperature in free air. 
The bottom terminal of the lamp is 
fitted with a prefocusing disc, which 
isnot only used for establishing con- 
tact but which locates the exact posi- 
tion of the source in respect to the 
lamp holder and enables _replace- 
ments to be effected without the need 
for adjusting the lamp in relation to 
the associated optical system. Other 
designs have been developéd which 
allow both electrode connections to 
terminate at one side of the bulb in- 
stead of at diametrically opposite 
sides, as in the type illustrated. The 
centre brightness of the 1,000-watt 
ME lamp, see Table 4, is higher than 
that of any generally available light 
source except the larger sizes of high- 
intensity carbon arcs. 


TABLE 4. 
CHARACTERISTICS OF 1,000-waTt TyPE ME/D 
iy Lamp. 
Overalllength ... 245-++2-5 mm. 
L.C.L. from back of sup- 
porting ring to face of 
remote electrode ...120-++-1 mm. 
Starting current . c. 20 amperes 
current . c. 16 amperes 
Bulb diameter 55 mm. max. 
Se ee .. Special ring type 
Initial efficiency ... 50-55 L/W. pi ta 


Peak initial brightness 


1 ... 40,000 stilb 
trical circuit ... 


Series choke 


A limiting feature for some appli- 


cations is the fact that six or eight 
minutes must elapse before full 
brightness is obtained, but for many 
purposes this fact does not affect the 
usefulness of the source. A study of 
the table of characteristics of the 
1,000-watt ME lamp reveals that the 
starting current is of the order of 
20 amperes, and therefore the quartz 
to metal seals must be designed for 
this current. This follows from the 
fact that the arc voltage drop when 
the lamp is in full operation lies be- 
tween 60 and 75 volts. Assuming a 
linear relationship, therefore, a 5-kW 
ME lamp would require seals capable 
of carrying about 100 amperes and a 
10-kW lamp seals carrying about 
200 amperes. 


HIGH WATTAGE TYPE ME LAMPS 


The design of heavy current direct 
refractory metal to quartz seals has 
been one of the many achievements 





Fig. 5. 15 kW and 10 kW mercury vapour 
projection lamps (type ME). 


of the laboratories of members of the 
Electric Lamp Manufacturers Asso- 
ciation. This will be appreciated 
when I state that current densities of 
the order of 10,000 amps per sq. cm. 
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can be passed through hermetic seals 
which consist of thin foliations of 
molybdenum sealed either directly 
into quartz tubing or into the annular 
space between two concentric quartz 
tubes.’*. 250-ampere seals of this type 
are shown in Fig. 5, which illus- 
trates two ratings of high-power ME 
lamps. Not only is it necessary in 
the production of higher power ME 
lamps to use seals which, while carry- 
ing currents of 100 amperes or more, 
are capable of operating at tempera- 
tures considerably in excess of nor- 
mal, it is also necessary to use quartz 
bulbs of adequate size to enable the 
heat generated by the discharge to be 
dissipated and of an _ adequate 
strength to withstand the internal 
pressure. In this connection and by 
way of example a bulb of about 
100 mm. in diameter is required for 
an ME type lamp of 10-kW rating. 
Even so, during the operation of the 
lamp this bulb in free air will reach 
a temperature of the order of 750° C. 
For many purposes, particularly those 
connected with the nature of the 
available current supplies, it has been 
found necessary to design high-power 
ME lamps for use on direct current as 
well as alternating current supplies. 
Whereas the lower wattage lamps are 
chiefly made for A.C. supplies, but 
may also be designed for D.C. cir- 
cuits in the case of the larger lamps, it 
has been found that the direct current 
lamp has been the most generally 
useful. The relative sizes of anode 
and cathode which have been found 
satisfactory in the production of these 
very large lamps is shown in Fig. 5, 
from which it will be seen that 
the mass of the anode is many times 
that of the cathode. It is also interest- 
ing to note that in order to develop 
the designed voltage drop of about 
75 volts a bulb of 100 mm. diameter 
requires about 15 grammes of mer- 
‘cury. Initiation of the discharge is 
assisted by the presence of a low 
pressure of inert gas within the bulb 
just as in the case of the smaller 
lamps, and may be facilitated by the 


use of either a high voltage or high 
frequency discharge applied in one 
of the usual ways. Some of the more 
interesting features and characteris. 
tics of these high-power ME type 
lamps will now be discussed. 

In order that the maximum amount 
of light can be collected from the ar 
it appeared essential at an early stage 
in the development of these lamps that 
the electrodes should be so designed 
as to intercept from the are a 
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Fig. 6. Polar distribution about mirror axis 
of light flux from 10kW. ME lamp (wattage 
10 kW., voltage 83 v., current 120 amps.) 


minimum amount of the emitted flux. 
This was particularly necessary where 
the lamp was to be used for the illu 
mination of large aperture mirrors. 
It has therefore become general prat- 
tice to cut away facets from both the 
anode and the cathode faces so as to 
reduce to a minimum obscuration of 
the collecting surface of the optical 
system.17 The effect of this design 
feature is shown in the polar curve, 
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Fig. 6, which gives the candle power 
of a 10-kW mercury arc along 
the main axis of the arc. It will be 
seen that the cathode produces little 
obscuration down to about 50° below 
the horizontal, while there is an in- 
creasing amount of obscuration by the 
anode above an angle of about 40°. 
The polar curve was taken on a lamp 
with the electrodes arranged in the 
form shown in the inset piece of Fig. 
6. The arc brightness distribution 
of a typical lamp of 10 kW rating is 
shown in Fig. 7, from which it will 
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Fig. 7. Typical distribution curve for 10 kW. 
lamp. 


be seen that with an arc length of 8.8 
mm. a peak arc brightness greater 
than 80,000 stilbs was obtained. The 
illustration shows both the brightness 
distribution along a line joining the 
centres of the anode and cathode as 
well as in a plane bisecting the elec- 
trode axis. From a study of the pro- 
perties of the mercury vapour arc 
over a wide range of operating con- 
ditions, the author has deduced two 


100 


equations which enable the properties 
of the high current density mercury 
vapour arc to be predicted in terms of 
three variables only, namely:— 

L=arc length in cm. 

V=arc voltage 

A=arc current 


These approximate relationships are: 


V\1-5 
Be (stilbs) = 3.0 x (z) x At? 
and 
14 x A®%s 


w (cm.) = 


(i) 


* Where Be = peak brightness at centre of 





arc 
w = width of arc at half Be. 


It can be shown that these expres- 
sions are valid over a range in bright- 
ness from 100 to 100,000 stilbs. It 
therefore appears legitimate to assume 

8 that they can be used to predict the 
y behaviour of high wattage arcs de- 
g signed to produce still higher peak 
= brightness values. Applying them to 
£the case of lamps of 30 kW loading 
% designed for an arc voltage of 80 and 
= with different values of arc length the 
following values are obtained:— 


Loading 30 kW. 


Are length Calculated values of centre 
mm. brightness Be (stilbs). 
5 414 x 10 
6 3°14 x 105 
7 2-45 x 105 
8 2:05 x 105 
9 1-72 x 106 
10 1:46 x 10 


These values should be compared 
with average data for the brightness 
of the sun’s disc of 1.6 x 105 stilbs. 
Whether these extremely high values 
are capable of practical realisation is 
still a matter for investigation. Con- 
siderations of the problems involved 
in the production of high power ME 
lamps led to the conclusion that in- 
creased brightness would have to be 
obtained by increasing the current 
rather than by increasing the voltage 
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gradient. The reasons which led to 
this conclusion are set out below:— 
(1) The increase of bulb diameter 
consequent on the necessity for a 
greater wattage dissipation would re- 
duce the bursting strength of the 
quartz bulb. The expression:— 


P= i where P = bursting stress in lb. 


per sq. inch. 

F = tensile strength in 
lb. per. sq. inch. 

T = wall thickness’ in 
inches. 


D = diameter in inches. 


indicates that for spherical shells the 
bursting stress is inversely propor- 
tional to the diameter. While the re- 
duction in strength, consequent on in- 
creased diameter, could theoretically 
be compensated by increased wall 
thickness, this compensation could in 
practice only be applied to a small 
extent, as with too great a wall thick- 
ness for the quartz bulb thermal 
stresses set up during fabrication or 
operation of the lamp would prob- 
ably lead to rupture due to cracking. 

Practical experience with the 
smaller high brightness lamps, in 
which voltage gradients of the order 
of 200 volts per cm. were employed, 
had shown that explosive rupture 
sometimes occurred. It thus appeared 
expedient to employ a reduced mer- 
cury vapour pressure, and therefore a 
reduced voltage gradient for lamps of 
higher wattage and greater bulb 
diameter. 

Some work by Dawihl and Rix *", !4 
on the mechanical strength of quartz 
glass showed that spherical bulbs of 
about 40 mm. in diameter with a 
mean wall thickness of about 2.5 mm. 
burst at 73 to 110 atmospheres at room 
temperature and at 117 to 133 atmo- 
sphere at 800°C. They attributed the 
increased strength at the higher tem- 
perature to changes in the structure of 
the quartz. 

As mentioned above, in the early 
work with these lamps, explosive rup- 
ture occasionally occurred during 
operation at about 25 atmospheres 


pressure, probably due to a combina. 
tion of mechanical and therma} 
stresses. This was an important point 
as the quartz bulbs used for preparing 
the lamps were similar in dimensions 
to those used by Dawihl and Rix ty 
obtain their mechanical strength 
data summarized above. The tem. 
perature of operation was also simi. 
lar, namely, about 800°C. It appeared 
therefore, that a factor of safety of 
at least 5:1 was not excessive, especi- 
ally in view of the temperature gradi. 
ents which were bound to occur dur 
ing the operation of these high-pres. 
sure mercury lamps. 

Employing the Dawihl and Rix data 
which gives minimum tensile strength 
values for quartz of 5,300 lb. per sq 
inch, we have the following value 
for the bursting pressure of quartz 
bulbs calculated from the expression 


P = = given above:— 
Bulb Wall Burst- Maximum safe 


diam. _ thick- ing _ internal pressure 
in ness pressure allowing 5:1 
inches inches Atmo- factor of safety 
spheres 
2 0-2 140 28 
0-2 95 19 
4 0-2 70 14 
5 0-2 56 ll 


From column 4 it appeared that 
for quartz bulbs of 2 ins, to 5 ins. 
diameter, with a wall thickness of 02 
ins., which was considered a work 
able value, it would be necessary not 
to materially exceed 25 atmospheres 
working pressure on 2-in. diameter 
bulbs and to use lower pressures 
where larger bulbs were employed. 

(2) The effect of reducing the value 


of u in the design of larger lamps 


would be to decrease the peak bright: 
ness for a given current as Bc is pr 
71-5 
portional to Mu 
(3) To give an overall increase it 
brightness it would be necessary 10 
use much increased currents as Be 
varies as A®’. 


(4) The reduced voltage gradients 


= 
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contemplated for the larger lamps 
would lead to lower arc voltages if 
the arc gap was kept constant. It 
therefore seemed logical to consider 
an increase of arc length for the 
larger lamps to compensate for the 
reduced gradients and to maintain the 
are voltage at about 75 volts, which 
was the designed value in the small 
high brightness lamps so far described 
which had an arc length of 4 to 5 mm. 
For these reasons, a lamp of 15 kw. 
would be designed in general with 
an arc length of 10 to 12 mm.,, and 
correspondingly larger values might 
be employed for lamps of still higher 
rating. Enough has been said to indi- 
cate that the high current density 
mercury vapour arc is not only a 
potential rival of the carbon arc, but 
is capable of being made already in 
sizes of higher brightness than that 
of the carbon arc. 


Electrode Configuration 
The use of a single anode and a 
single cathode to carry the current 
to and from the high current density, 
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Fig. 8. Diagram of ME type lamp showing 
right-angle arrangement of electrodes and 
collector shield to intercept arc flame. 


mercury vapour arc has certain obvi- 
ous disadvantages when the design of 
very large lamps is under considera- 
tion, and also for certain optical rea- 
sons. For example, the current in the 
are is limited to the current which a 
single electrode will carry and which 
a Single seal will carry. Considera- 
tions such as these led to the develop- 
ment of multi-electrode lamps. De- 


signs have been tested in which two 
or more pairs of co-operating elec- 
trodes have been used to carry the 
current into the arc?®. The physical 
arrangements of these electrodes 
may be such that the various compo- 
nent parts of the arc coalesce together 
to form a homogeneous source. In 
an alternative design, a single cathode 
has been used to serve two or more 
anodes. In such ways it has not only 
been found possible to produce higher 
power lamps, but it has also been 
possible to design lamps in which the 
shape of the arc and the distribution 
of brightness across-the arc can be 
modified to a desirable extent. While 
such developments are still in their 
infancy it was felt that in a review 
of this sort it was worth while to indi- 
cate something of the trend of re- 
search in this interesting and import- 
ant field. An example of a lamp with 
the electrodes arranged at right 
angles to one another and fitted with 
a collector shield to intercept the arc 
flame and prevent its impingement on 
the quartz bulb is shown in Fig. 8. 

A preferred arrangement is one in 
which two co-operating anodes are 
used and the cathode is located in line 
with the axis of one anode and at 
right angles to the axis of another.*! 
This arrangement has the added ad- 
vantage that for some cases where it 
is desirable to tilt the lamp at all 
angles from the horizontal to the ver- 
tical the arc flame is always inter- 
cepted by one or other of the anodes. 


Magnetic Control of the Arc Flame 

With certain designs of very high 
power ME lamps it is found that the 
arc flame becomes of pencil shape and 
impinges on the surface of the con- 
taining vessel leading to localised de- 
vitrification of the quartz. Arrange- 
ments have been worked out for the 
dispersal of this arc flame which con- 
sist of a magnetic field produced 
transversely to the arc to cause the 
high temperature particles of the con- 
vection stream to move out of the 
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vertical path and normal to the lines 
of force of the magnetic field. In one 
such system the magnetic field com- 
prises that between the poles of a 
horseshoe magnet, the poles being 
situated one on each side of and 
transverse to the arc. Alternatively, 
the field may be a free field emanat- 
ing from one pole of a bar magnet at 
right angles to the arc. The magnetic 
field can be produced by an electro- 
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Fig. 9. Simple circuit arrangement for 
magnetic dispersal of arc flame. 


magnet the windings of which are so 
arranged that the intensity of the 
field can be increased as the angle of 
the lamp from the vertical increases.?? 
A suitable circuit arrangement for 
magnet and lamp is shown in figure 9. 


Some Experimental Data 

As a result of the work outlined in 
the preceding sections a range of ex- 
perimental high power ME lamps 
have been developed suitable for 
operation without forced cooling and 
typical brightness data for such a 
range is given in the table below:— 


Data FOR EXPERIMENTAL ME Lamps. 
Wattage... 2,000 3,000 5,000 7,500 10,000 
Are length 

mm. ... 6-65 7 
Lamp volt- 

age . 60-75 60-75 60-75 60-75 60-75 
Lamp cur- 
rent,amps. 32 48 80 
Centre 
brightness 
Be (stilb) 40,000 45,000 55,000 65,000 75,000 


8-85 9 95-10 


120 160 


It is an interesting fact that the 
efficiency of light production for each 
of these lamps is approximately con- 
stant at about 50 to 55 L/W. In the 
above table suitable values for arc 
length have been given for each of 
the wattages; although investigations 
have covered a range of arc lengths 


at each wattage. The effect of such 
changes on centre brightness and are 
width may be predicted from the 
functions given in one of the preced. 
ing sections. 


Colour Modulation of the Mercury 
Vapour Arc 


There have been many proposals 
for modulating the radiation from the 
mercury vapour are to enable more 
satisfactory colour rendering of 
objects viewed in its light. In the case 
of lamps of the type under discussion 
in this section, ie., high brightness 
mercury vapour lamps, the use of 
fluorescence is not considered feasible 
and consideration must therefore be 
given to methods which directly 
modify the radiation from the are 
itself. Of these the use of mixed 
metal vapours has received a con- 
siderable amount of study, and the 
most prominence has been given to 
the use of mixtures of mercury, 
cadmium and zinc. By such meansit 
is feasible to modify the spectrum of 
the high pressure mercury vapour are 
in the manner shown in _ figure 
10 (a and b). The introduction of cad- 
mium giving as it does a prominent 
red line at 6438 A.U. is also useful 
in introducing blue and blue green 
radiation at 4780 A.U. and 508 
A.U., the effect of these dominant 
spectral lines being to impart a 
blue appearance to the low cur 
rent density arc while improv- 
ing the colour rendering in both the 
red and blue regions of the spectrum. 
Where the lamp is used therefore for 
the projection of coloured slides o 
colour films the mercury cadmium ME 
lamp is to be preferred to the pure 
mercury lamp. Besides these notable 
effects, improvements in the colour 
rendering properties of the high pres 
sure mercury vapour arc with i 
creases in current density have 
already been the subject of comment 
and discussion. It is interesting 
therefore, to study the effect of using 
higher current densities on the colou 
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such | ofthe mercury cadmium lamp. The largely consists of SiO,, but it was 
1 are | eects are useful as will be seen by found that when the fume deposited 

the | reference to Figure 10 (c). on the electrodes of certain types of 
aced- It will be seen that in the lamp of ME lamp there occurred a powerful 
higher output with the same percent- emission of red radiation which was 
age of cadmium in the mercury, ie., found to be at 6708 A.U., coinciding 


- \0per cent., there appears to be a pre- with a dominant lithium line. As 
ry 
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(a) 


(b) 


(c) 


Fig. 10. Spectrograms showing radiation from mercury and mercury cadmium ME type lamps. 


(a) 500-watt ME lamp, mercury only. 

(b) 500-watt ME lamp, mercury cadmium. 
eans it (c) 9kW mercury cadmium lamp. 

oe if ferential excitation of the cadmium stated above, the source of this lithium 


figure radiation in the red region, thus was eventually traced to certain speci- 
of cad- | “using an improvement in the colour mens of quartz. The question therefore 
minent rendering properties of the light. In arose as to whether this unwanted 
useful this connection it is interesting to effect could be harnessed in a practi- 
green | “ompare the colour of mercury radia- cal form of lamp, particularly as the 
15096 § tion with that of the radiation from a amount of red which could be intro- 
minant | “watt mercury cadmium lamp and duced in this way appeared to be 
part a the 9 kW mercury cadmium ME lamp greater than could be produced by the 


w cur | terms of the C.I.E. system. excitation of the mercury and cad- 
improv- | (oour APPEARANCE or M.E. Lames, "ium spectra simultaneously. While 
oth the C.LE. Co-ORpINATEs. it is not possible to predict what will 
ectrum | lamp Type ... ... ... ‘e y z eventually obtain, some interesting 
fore for | 00-W mercury ... ... ‘311 -340 -349 results have indicated that the arc 
ides ¢ | MW mercury cad- spectrum of lithium can be excited 
ium ME EF inccoury ‘cai. "293-337-370 simultaneously with the are spectrum 
ne pure} mium... ... ... ... +361 -290 -349 Of mercury, and notwithstanding the 
notable . ‘ volatility of lithium and its chemical 
. colour Another method which offers inter-  yeactivity the improved colour of the 
gh pres esting possibilities was discovered by composite radiation is maintained for 


vith it accident when it was found that cer- many hours. 

y have lain specimens of quartz tubing con- A satisfactory solution to the prob- 
omment § “ined traces of lithium. It is well lem of improving the colour rendering 
sresting | own that during the working of properties of the high-pressure mer- 
of using § Wartz some material volatilizes in the cury vapour arc is required before the 
e colout § frm of a white fume. This fume rc can be used for the projection of 
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standard colour films. If, however, a 
complete solution is not obtained, the 
possibility of modifying the processing 
of the film to make it suitable for the 
radiation from existing lamps should 
not be overlooked. 


Current Control and Starting of 
ME Lamps 


As has been indicated in earlier 
sections, ME type lamps must be oper- 
ated in series with a current limiting 
device which is conveniently a resist- 
ance for D.C. supplies and a choke for 
A.C. supplies. There are a number of 
different methods of ensuring reliable 
ignition of the arc, and some of: these 
are now well known in connection 
with the more established types of 
high-pressure mercury vapour lamp. 
For example, the gas pressure and 
composition in the lamp may be so re- 
lated to the electrode gap and the elec- 
trode activity that reliable ignition 
may occur on ordinary supply mains 
voltages without any additional start- 
ing means. In other cases an ignitor 
electrode may be provided, or the lamp 
may be started by means of a high vol- 
tage pulse produced by an inductive 
surge from the choke or from a con- 
denser charged to a high voltage. 
There are some interesting features 
regarding ignitor electrodes and some 
of these are set out in the succeeding 
section. 


General Function of Ignitor Electrode 


The use of auxiliary electrodes to 
facilitate the ignition of electric dis- 
charge lamps has been described by a 
number of workers.”* In the simplest 
arrangement the ignitor electrode is 
situated very close to one of the main 
electrodes of the lamp and is con- 
nected through a high resistance, e.g., 
50,000 ohms, to the opposite main 
electrode. When the lamp is switched 
into circuit the full potential differ- 
ence between the main electrode is 
also established across the very small 
gap of about 1 mm. which separates 
the tips of the auxiliary electrode and 


the co-operating main electrode. A 
localised glow discharge therefore 
occurs, and the ionisation so produced 
allows of the almost instantaneous 
ignition of the main arc. 

In an alternative arrangement a 
pair of auxiliary electrodes may be 
used, one very close to each main 


electrode and connected together 
through a high resistance. Simul. 
taneous ionisation occurs in the 


vicinity of each main electrode when 
the circuit switch is closed, and igni- 
tion of the main arc follows immedi- 
ately. 

While these simple arrangements 
suffice for procuring the first ignition 
of the arc in discharge tubes up to 
50 cm. in length from alternating 
current supply voltages of 250 volts, 
they will not function when a mer. 
cury lamp is in the high-pressure con- 
dition. In such cases it is necessary 
to allow the discharge tube to cool 
down to room temperature or there. 
abouts before the arc can be re 
ignited from mains voltages. For 
A.C. lamps the incandescent auxiliary 
electrode offers a solution of this 
difficulty. 


The Incandescent Auxiliary 

This device consists of a tungsten 
helix mounted very close to one of the 
main electrodes of a high-pressure 
mercury vapour lamp and so con 
nected that it can be raised to 
incandescence by the passage of an 
electric current. The _ transformer 
secondary feeding this auxiliary elec- 
trode is connected through a suitable 
current-limiting device to the oppos 
ing main electrode. For the ignition 
of a 5-kW lamp from either the low 
or high pressure condition a suit 
able auxiliary can be made by wind 
ing a tungsten coil to the following 
specification:— 


Number of turns ...... 10 

Wire diameter ............ 0.6 mm. 
PROMI | aisnbsscocesteete 1.0 mm. 
PAG. OF COR, «i505 055055505 0.8 mm. 


The following factors have each # 
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influence on the operation of the 
device :— 
(a) Wattage dissipation of the fila- 
ment. 
(b) Temperature of the filament. 


(c) Distance of the filament from 
the adjacent main electrode. 


(d) The current flowing in the 
auxiliary gap. 


The general effect of these variables 
is discussed below. An increase in 
the wattage dissipated by the filament 
is advantageous in facilitating re-igni- 
tion of a lamp from the high vapour 
pressure condition. In the earlier 
experiments the glowing tip of a 
V-shaped filament was used, but it 
was subsequently found preferable to 
use the heavy tungsten helix men- 
tioned above. The temperature of the 
flament, and thereby its thermionic 
emission, governs the voltage at 
which ignition of the auxiliary arc 
will occur. For example, if under a 
given set of conditions of high vapour 
pressure the auxiliary arc fails to 
strike then an increase in electrode 
temperature will generally cause arc 
formation. The incandescent auxiliary 
electrode must be mounted close to 
the adjacent main electrode in order 
to ensure that the auxiliary arc will 
form under the highest mercury 
vapour pressure which can arise. A 
gap of about 1 to 1.5 mm. between 
the filament and the adjacent main 
electrode will in most cases enable 
instant ignition of the main arc to 
take place at pressures equivalent to 
avoltage gradient of 90 volts per cm. 
Decrease in the auxiliary arc gap to 
less than 1 mm., however, reduces the 
voltage at which the auxiliary arc will 
strike, but also causes it to have a 
more localised character, and thereby 
limits the spread of ionisation. It is, 
therefore, preferable to have the 
maximum auxiliary electrode gap 
which will ensure reliable ignition of 
the auxiliary arc. This effect is to 
some extent also related to the magni- 
tude of the current which is allowed 


to flow between the auxiliary 
electrode and the main electrode. If 
the auxiliary current is adjusted to a 
very low value then in all probability 
the main arc will refuse to ignite at 
the higher vapour pressures. With 
increase in the auxiliary arc current 
the resultant ionisation is increased 
and ignition of the main arc is 
ensured. The simplicity with which 
the incandescent ignitor electrode 
allows of the ready ignition of the 
are at all pressures may still make it 
important in the further development 
of the high current density mercury 
vapour arc. 


Utilisation of Mercury Vapour Lamps, 
Type ME 

In its simplest form the standard 
type of ME lamp gives a_sub- 
stantially uniform radiation in the 
plane bisecting the arc at right angles 
to the electrode axis. It is difficult to 
utilise the whole of this radiation to 





Fig. 11. Arrangement of ME lamp and 
deep parabolic mirror for maximum flux 
utilisation. 


the maximum advantage in many 
types of optical system. For example, 
in the film or slide projector the angle 
subtended at the centre of the arc by 
the first condensing lens of the opti- 
cal system is probably of the order 
of not more than 90° to 120°. Some 
gain in the efficiency of utilisation can 
be obtained by the use of a mirror 
situated on the optical axis of the pro- 
jector and on the side of the lamp 
remote from the condensing lens. If, 
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however, the mirror is spherical and 
is arranged to project the light back 
on the arc itself the gain is quite small, 
due to the mercury vapour arc being 
impenetrable to its own radiation. 
The image of the arc may, however, 
be thrown to one side of the arc 
proper or, by means of a specially de- 
signed reflecting system, two images 
of the arc may be formed one on each 
side of the arc proper, the arc itself 
and the reflecting image each contri- 
buting to the flux falling on the con- 
densing lens. While modifications to 
the flux distribution from the arc may 
be achieved by the methods described 
in an earlier section of this paper, 
there are certain cases when the re- 
flecting system may be arranged to 
take advantage of the properties of 
the standard ME lamp in a very 
advantageous manner. One _ such 
arrangement is shown in figure 11. 
A deep parabolic mirror is fitted with 
an ME lamp of conventional type in 
which the electrode axis lies on the 
mirror axis. The mirror is therefore 
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Fig. 12. Suggested arrangement of ME 
lamp, parabolic reflector, plane mirror and 
condensing lens of optical train. 


illuminated over its most effective 
area by the radiation from the lamp 
through an angle of 360° around the 
electrode axis. The centre of the 
mirror may be cut away, as no light 
falls thereon due to electrode obscura- 
tion. Such an arrangement is par- 
ticularly useful where it is desired 
to throw a vertical pencil of light. 


The introduction of a mirror inclined 
at an angle of 45°, or of a right angle 
prism into the beam of light, may be 
used for horizontal projection. Such 
an arrangement illustrated diagram. 
matically in figure 12 might be used 
in cinema or lantern slide projectors, 
In the case illustrated the initial light 
beam is projected downwards to 
facilitate ventilation around the lamp. 


LOW-PRESSURE HIGH BRIGHT. 


NESS GAS DISCHARGE LAMPS 

As indicated in an earlier section, 
high current density in the discharge 
is one of the factors which leads to 
high brightness. It is an essential fac. 
tor in the case of low-pressure dis. 
charge lamps as the voltage gradient 
in these lamps is very much less than 
in those of the high-pressure type, On 
the other hand, a low-pressure type 
of lamp is advantageous for some pur- 
poses in that it is already in a suit- 
able condition for the passage of a 
discharge and does not require a pre- 
liminary burning period or pre-heat- 
ing to reach the prepared condition. 
In the low-pressure discharge also, the 
arc in general fills the width of the 
discharge vessel, and therefore it is 
very suitable where a larger area of 
light source is required than is com- 
mon with the standard type of high- 
pressure lamp. In order to obtain the 
required current density in the arc to 
give a source of high brightness it 
has become common practice to em- 
ploy the discharge from a condenser 
charged to a relatively high voltage 
and to use the discharge tube to vir- 
tually short circuit the condenser. It 
will be understood that the effect of 
such a discharge is to produce a single 
flash of light, and the lamps described 
in this section of the paper are de- 
signed for the production of single 
flashes which may be isolated by rela- 
tively long periods of time or which 
may follow one another in rapid 
succession. Under these pulse condi- 
tions high order currents are pro 
duced, and the instantaneous wattage 
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dissipation may reach very high 
values. For example a condenser of 
50 mfds. charged to 4,000 volts has 
an energy content of 400 joules. If 
this energy is discharged through the 
tube in 100 microseconds the average 
power dissipated through the lamp is 
4x 10° watts. If we assume an aver- 
age voltage over the discharge period 
of half the condenser voltage, i.e., 
2,000 volts, then the average current 
during the discharge will be 2 x 10° 
amperes. These values and even 
higher ones may occur during the 
operation of flash tubes, and the 
amount of light which can be pro- 
duced from single discharges can 
therefore reach very high orders. 
With a type of lamp which will be 
demonstrated during the reading of 
this paper a luminous output prob- 
ably greater than 2 x 10* lumens is 
obtained with a brightness probably 
exceeding 5 X 10‘ stilbs. The practical 
utilization of this phenomenon has re- 
sulted in the evolution of certain well 
defined lamp types and in several 
interesting applications, some of 
which will be mentioned. 

The necessary components for pro- 
ducing high brightness flash dis- 
charges consist essentially of:— 

(1) A bank of condensers together 
with suitable charging arrange- 
ments for giving between 2,000 
and 10,000 volts. 


(2) A lamp capable of withstanding 
the high thermal and electrical 
stresses to which it is subjected 
in the discharge cycle. 


(3) Triggering arrangement for 
causing ignition of the dis- 
charge at a predetermined time. 


With regard to (1), if a source of 
alternating current is available it is 
a relatively simple matter to trans- 
form to a suitably high voltage and 
then to rectify the high voltage sup- 
ply and use the rectified output to 
charge the condenser. If only a low 
voltage D.C. supply is available 
then a vibrator inverter provides 
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a simple means of converting to 
AC, and this may be then 
used to feed a transformer to 
provide the necessary high voltage, 
which, after rectification, is used for 
condenser charging. In a_ third 
method, a low voltage battery supply 
may be used, and this may be con- 
verted to A.C. through a small rotary 
converter, which is then used for 
charging a condenser via a transfor- 
mer and rectifier. In all cases, the 
object is to charge the main bank of 
condensers at a sufficiently rapid rate 
to allow of their periodic discharge 
through the lamp at whatever fre- 
quency is demanded by the purpose 
for which the light is intended. 


(2) Flash Discharge Lamp 


For most purposes the flash dis- 
charge lamp is designed with charac- 
teristics such that its striking voltage 
is substantially higher than the volt- 
age to which the condenser is charged, 
and its extinguishing voltage should 
be as low as possible so that the 
maximum amount of energy from the 
condenser is dissipated in the dis- 
charge of the lamp. The lamp design 
must be such as will allow high order 
currents to be carried without damage 
either to the seals or to the glass or 
quartz tubing within which the dis- 
charge takes place. 


Experiment has shown that there is 
an upper limit of loading which each 
type of vitreous material will safely 
withstand whether in single or mul- 
tiple flashes. Quartz is capable of the 
highest loading of all. The so-called 
hard glasses come next on the list and 
the soft glasses can only safely with- 
stand lower currents. Nevertheless, 
even with lime soda tubing, current 
densities of the order of 1,000 amperes 
per sq. cm. may be safely passed in 
single flashes, at higher loadings the 
inside wall of the glass becomes 
“crazed.” If, as is necessary for some 
purposes, it is desirable to pass a 
sequence of discharges at higher fre- 
quencies, e.g., 10 to 500 per second, 
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then the current density of each flash 
must be correspondingly lowered, 
otherwise the integrated load may 
cause over-heating of the tube wall. 
It is therefore necessary to take care 
of three main factors in regard to the 
tube design :— 


(i) The current density in a single 
flash must not be so high as to 
cause volatilization or melting of 
the inner surface of the tube. 

(ii) The total power dissipated by 
the lamp must be such that an 
allowable temperature rise is not 
exceeded. The value of this 
temperature rise depends on the 
material of which the tube is 
constructed. 

(iii) The tube itself may be either 
straight or it may be bent into 
spiral or other configuration ac- 
cording to the purpose for which 
the emitted light is required. 


Various types of flash discharge 
lamp will be demonstrated during the 
course of the lecture. There is a maxi- 
mum current which a given tube will 
pass and therefore when this peak 
current is reached the effect of dis- 
charging a greater quantity of elec- 
tricity through the tube is to increase 
the duration of the flash. 

The value of the peak current is de- 
termined both by the physical dimen- 
sions, i.e., length and diameter of the 
discharge tube and by the nature and 
pressure of the gas. With these re- 
quirements in mind a series of tubes 
have been developed which can be 
used to cover a wide variety of illu- 
mination purposes. 

In the tubes F.T.2 and F.T.3, in 
order to obtain a compact type of 
light source the discharge tube 
proper is bent into the form of a close 
helix. The F.T.2 tube can carry a 
single flash of 400 joules, while the 
F.T.3 tube can be loaded to 200 joules 
for a single flash. The F.T.4, 5, and 6 
tubes are of straight form and have 
discharge path lengths of 30, 20, and 
10 cm. respectively. The F.T.7, 8, and 
9 tubes are similar, but the discharge 


path is confined within a quartz tube 
to enable higher loadings up to 
300 joules to be used. Much larger 
tubes than these illustrated have been 
developed for special purposes. A 
typical range is illustrated in Fig, 13 
In each case the gasfilling ip 
the tube is either krypton or xenon, 
which have been found to give the 








(b) 





Fig. 13. Various types of flash 


discharge lamps. 





highest visual and _ photographic 
efficiencies. A whole series of dif- 
ferent fillings have, however, been 
investigated, and a common feature of 
them all is the fact that the high cur- 
rent density causes excitation of very 
complex spectra, and therefore of a 
light which in most cases approxi- 
mates to white light. This will be 
demonstrated during the course of 
the lecture. The possibility of utilis. 
ing the special properties of mercury 
and other metallic vapours under 
flash conditions has not been over- 
looked, and experimental devices 
have been worked out to utilise 
mercury vapour both at high and low 
pressures. With many gases and 
metallic vapours simultaneous excita 
tion of the various components can 
occur, and the conditions may be 9 
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arranged that there is a high output 
in the U.V. region, see Fig. 14. 
This output may be used for the ex- 
citation of fluorescent coatings. By 
the use of powders of long afterglow, 
ie, powders exhibiting phosphor- 
escence, it is possible to partially 
bridge the gap between successive 
pulses of radiation from the tube, pro- 
viding that the frequency of pulsing 
is 100 cycles per second or higher. 





charged. If this were not so, as the 
tube is connected directly across the 
condenser terminals, immediately its 
striking voltage is attained in the 
charging cycle the tube would break 
down and discharge the condenser, 
irrespective of any control unit 
which might be employed therewith. 
The resistance of the tube, therefore, 
at the condenser voltage must be of a 
very high order so that little or no 


(a) 


(b). 


Fig. 14. Spectrogram showing discharge through Krypton-Xenon mixture. 


(a) Under high current flash conditions. 
(b) Under continuous low current operation. 


While so far no practical use has been 
found for this application of fluor- 
escence, it is not impossible that it 
may become of importance at some 
future date. 

With regard to tube life, it is diffi- 
cult if not impossible to give accurate 
figures. The conditions of operation 
to some extent determine the life, 
and in some cases it is necessary, for 
example, to have a different electrode 
arrangement for a tube designed for 
single high power flashes than when 
the tube is required for the same total 
energy dissipation but occurring in 
recurring series of flashes. Lives of 
hundreds of thousands of flashes are, 
however, normal. 


(3) Triggering of the Discharge 

As explained in (2) above, it is an 
essential feature in most types of 
circuit used for the operation of flash 
lamps that the striking voltage of the 
lamp is substantially greater than the 
voltage to which the condenser is 


leakage occurs. The discharge may 
then be initiated by the application of 
a suitably high voltage to either an 
ignitor electrode situated within the 
discharge path or by means of a third 
electrode taking the form of a thin 
wire wrapped round part of the out- 
side of the discharge tube proper, or 
by the stimulus of an adjacent high 
frequency field. It will be realised 
that with any of these arrangements, 
provided that the condenser can be 
charged up at a sufficiently high rate, 
ignition of the tube can be controlled 
by means of an external circuit 
operating on the high voltage ignitor 
electrode. 


Application of Condenser Flash 
Tubes 

The flash discharge tube is suitable 
for use as a stroboscopic illuminator, 
as a high power source of single 
flashes, as an illuminant for high 
speed photography and for other 
purposes. To this end the discharge 


120. 












tube permanently connected across 
the terminals of the main condenser 
is arranged in suitable relationship to 
a lens or mirror optical system, so that 
the tube output illuminates the mov- 
ing object under investigation. The 
condenser is connected to a charging 
circuit of the correct D.C. voltage and 
of sufficient output to load the con- 
denser for each flash in an interval 
of time substantially less than the 
period which must elapse between 
consecutive flashes. The flashes 
themselves are brought about in 
synchrony with the repetition rate of 
the object to be illuminated either by 
means of a make and break contact 
mechanism actuated by the move- 
ment of the equipment under investi- 
gation or by some other periodic 
means which can be accurately con- 
trolled and timed in relation to the 
desired frequency of flashing. With a 
suitably designed combination the 
total duration of a flash may lie be- 
tween 5 and 100 microseconds, accord- 
ing to the lamp and circuit in use. If, 
therefore, the source is required for 
the examination of, say, a shaft rotat- 
ing at 3,000 r.p.m. the shaft will make 
one complete rotation in 20 milli- 
seconds. With a duration of flash 
therefore of, say, 20 microseconds the 
shaft will be illuminated in each re- 
volution for 
20 x 10-3 
20 x 10-4 

This gives of course very sharp 
definition and an apparently complete 
arrestment of the movement of the 
shaft as will be demonstrated during 
the lecture. 

It is not proposed in a general re- 
view of this type to discuss in any 
detail the types of circuit which have 
been developed for the triggering and 
operation of condenser flash discharge 
tubes. Edgerton, of M.I.T. in America, 
has developed circuits employing the 
Strobotron, which is a cold cathode 
grid glow tube for controlling the 
triggering circuit. The hot cathode 
grid controlled rectifier known as the 


x 360° of arc = 0°36°. 
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thyratron may be similarly employed 
and use may be made of the simpk 
condenser resistance relaxation osejl. 
lator for providing the self-actuatin 
flashing system or the grid of the 
thyratron may be controlled by 
mechanical or electronic means 
actuate the triggering impuls 
Alternatively a hard valve tim 
base may be used. Arrange 
ments have been worked oy 
which enable a beam of light falling 
on a photocell to act as the controlling 
mechanism, which, through a suitabk 
circuit arrangement, can bring abou 
the high power discharge from the 
condenser through the flash tube. 
There is, however, a point of mor 
general interest. While a single flash 
of high intensity may be used fo 
photographic purposes, it is the pro 
duct of intensity and time which 
governs the density of the resultant 
photographic image. In general 
terms, therefore, if we have a flash of 
one million lumens with a duration 
of 50 microseconds, the output can k 
described as a 50 lumen second out 
put. Similarly, a flash of 10 million 
lumens enduring for 5 microseconds 
would have the same output of i 
lumen seconds, and the photographie 
result would be approximately the 
same as in the first instance. It is 
interesting to speculate on the effect 
on the visual mechanism of the eye 
of a 50 lumen second output produced 
in different ways. Perhaps the point 
can best be illustrated by means of 
a simple experiment. If we operate 
a 10-watt tungsten filament lamp a 
5 L/W for one second, then the total 
output will be 50 lumen seconds. If 
naw we operate a flash discharge tube 
with a duration of 50 micro-seconds 
and an average output over the perial 
of 10° lumens, we will again obtait 
50 lumen seconds, but the effect pro 
duced on the visual mechanism of the 
eye is immensely greater in the latter 
case than in the former. If, instead 
of single pulses, the output from the 
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flash tube was arranged to form a se- 
quence of pulses of, say, 200 per 
second, the retina would receive a 
series of images, presumably owing 
their density to the peak intensity 
attained in each pulse, and not to the 
integrated energy over the period of 
illumination. It is known that under 
high current density flash conditions 
the efficiency of the xenon-filled lamp 
is much greater than when the tube is 
operated continuously. The effect is 
due largely to the high order of excita- 
tion of the arc spectrum in the visible 
region and to the broad continuum of 
radiation. The question I want to 
ask is, Can this effect be utilized? Can 
aseries of pulses of very short dura- 
tion and high intensity following one 
another in such rapid succession that 
the visual impression is that of a con- 
tinuum of light produce an apparent 
illumination when assessed visually 
much greater than can be produced 
by a similar dissipation of power 
operating through a continuously 
radiating source? If it can, then the 
merits of such a system should be in- 
vestigated. Let us assume that the 
light from a cinema projector, for 
example, consisted of a series of 
pulses of radiation of very short 
duration but of a very high 
intensity. The cinema film could 
be driven continuously across 
the axis of the optical projec- 
tion system, and there would be no 
cut-off of light by the chopping 
mechanism as no gate would be neces- 
sary. It would only be necessary to 
synchronize each pulse of light with 
each picture frame in order to obtain 
a stationary. picture, 

It is realised that in this simple ex- 
ample with the present picture frame 
Tepetition rate of 24 per second un- 
desirable flicker will occur. The possi- 
bility, however, of utilizing a sequence 
of several flashes during the stationary 
period of each frame with existing 
types of film movement mechanism 
could be considered. In this case the 


circuit would be arranged only to 
operate when the film was stationary. 

There are, of course, numerous 
points which would require elucida- 
tion. For example, will the eye 
fatigue more rapidly to a source of 
light which is apparently continuous 
only because the retina is re-stimu- 
lated before the visual mechanism has 
had time to recover from the previous 
stimulus. If such a system was adop- 
ted for special purposes or for general 
illumination, would the human eye ul- 
timately be impaired due to the 
pulsing stimulus? We have to consider 
this surely in relation to the fact that 
the eye has evolved through aeons of 
time under the continuous radiation of 
the sun. In considering it account 
would have to be taken of the fact 
that the interval of time between each 
successive stimulation of the retina 
may be as high as 1,000 times the 
actual duration of the radiating stimu- 
lus. In other words, there would be 
long intervals of darkness punctuated 
by intense flashes of light, but the 
flashes would follow one another suffi- 
ciently quickly to give the appearance 
vf continuous illumination. It would 
be necessary to assess whether under 
these new conditions the phenomenon 
of persistence of vision would follow 
the same general rules as have been 
established for light flashes of much 
longer average duration. Preliminary 
experiments have indicated that to 
produce a visual continuum with very 
short pulses the frequency of flashes 
must be several times that required 
with ordinary comparatively long 
duration periodic flashes, but this 
should not be taken as accurately es- 
tablished. The principle of a pulse 
lighting system has been illustrated in 
terms of its possible application to 
cinema projection, but it is no doubt 
capable of much wider application. 
Consideration is being given to its use 
for special cases of general illumina- 
tion. 

It would appear that the visual effi- 
ciency of such a lighting system can 
be made extremely high, as there is 
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some evidence that the visual stimu- 
lus would be related to the peak illu- 
mination of a single pulse while the 
integrated power would be quite low 
as the duration of the dark period 
might be up to or more than 100 times 
the total duration of the light. Ata 
frequency of 200 flashes per second, 
with each flash enduring for 50 micro- 
seconds, the time of illumination 
would be one per cent. of the total 
time but the illumination would ap- 
pear continuous. For some purposes 
stroboscopic effects would render the 
use of such a system invalid, but it 
would appear that it has many 
features worthy of further investiga- 
tion. 

Among other uses for flash dis- 
charge tubes their application to high 
speed photography has received de- 
tailed study from Edgerton and his co- 
workers and in other laboratories 
both in America and in this country. 
Very high power lamps have been 
used during the war by American Air 
Force photographic reconnaissance 
planes for low altitude night photo- 
graphy. The equipment was designed 
by Dr. Harold Edgerton of M.LT. 
Small tubes of the F.T.3 type may be 
associated with suitable circuits to 
produce stroboscopic illuminators, 
and one such arrangement calibrated 
as a stroboscopic tachometer is 
already proving its value for many 
industrial and experimental investi- 
gations. While such arrangements 
have been known for many years, the 
light source has generally been of the 
neon lamp or cathode glow type. The 
introduction of the high-power con- 
denser flash tube has enabled much 
greater light outputs to be obtained 
of a colour which is very acceptable 
both for visual or photographic 
examination. An interesting applica- 
tion is in connection with the photo- 
graphy of cloud chamber tracks in 
cosmic ray and similar investigations. 


Conclusions 


Metal vapour and gas discharge 
tubes of several new types have been 


= oa 


described. Only those designs which 
may reasonably be described a 
bright light sources have been jp. 
cluded in the present survey. | 
would seem that in both the case of 
the high-wattage mercury lamps anq 
the high-power flash discharge lamp; 
the development of the light sources 
has outstripped developments in their 
fields of application. The next phase 
will probably, therefore, be one of 
examining new ways in which they 
can be applied by the illuminating 
engineer to assist in the solution of 
both old and new problems. Mean. 
while research on these comparatively 
new lamps is proceeding. 

The author is indebted to the Directorates of 
Scientific Research, of the Ministries of Air- 
craft Production and Supply, for permission to 
include in the paper reference to work done at 
their request. 
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Nelson, E. 
DISCUSSION 
Mr. L. J. Davies, in opening the 
discussion, congratulated Dr. Alding- 


ton on his extremely interesting and 
comprehensive paper, and the able 
manner in which it had been pre- 
sented. The fellow workers of Dr. 
Aldington in the field of lamp design 
well knew his efforts, and had learned 
to respect and admire them. This lecture 
to-night had been fully in accordance 
with the high standard they knew. 
Turning to the paper, one was first 
interested by the breadth of the field, 
and at the same time by the wealth of 
deiail covered, even though Dr. Alding- 
ton had first restricted his subject to 
bright light sources, and then in the 
case of this. this evening’s paper 
testricted it to those of the electric 
discharge type. 

With such a comprehensive scope, 
aly comments would tend to over-sim- 


plification, but he (Mr. Davies) would 
tread two broad paths. 

On the subject of lamps which produce 
light by means of heavy current short 
time discharges, it was pointed out that 
under the stress of this heavy current 
discharge the emission spectra of all 
gases was sufficiently complex for the 
resemblance between gases to be close, 
all of them giving an acceptable white 
light. As this could only be obtained 
by exceedingly high current density, 
the lamps could only be operated inter- 
mittently; otherwise, the electrodes and 
envelopes would be overloaded. 

Dr. Aldington had therefore come 
forward with a very speculative sugges- 
tion that was most stimulating and 
therefore welcome. 

He asked the question whether the 
light source of the future would consist 
of a lamp flashing with a short high 
current density pulse, followed by a 
long extinction period, the repetition 
rate being high. At.first glance, strobo- 
scopic effect would seem to be very much 
against this possibility. The strobo- 
scopic effects from normal discharge 
lamps on 50 cycles were usually not 
significant, although separate image 
sequences could be distinctly seen it 
movement at the appropriate speed was 
made. On the other hand, a flash dis- 
charge lamp with a flash of a few micro- 
seconds was just intolerable with a fre- 
quency of, say, some 20) flashes per 
second, and was impossibly  strobo- 
scopic at, say, 50 cycles per second. 
Now, from practical experience, the 
noticeably stroboscopic effect of an 
ordinary lamp of 50 cycles seemed to 
disappear at 600 cycles, and he there- 
fore wondered whether the special flash 
discharge lamp as suggested by Dr. 
Aldington, run at about 1,000 cycles, 
would, in fact, be quite acceptable. If 
so, he had great pleasure in handing to 
his friends the auxiliary and choke 
engineers, the problem of designing a 
nice compact radio interference-free 
modulator to go with each lamp. 

Turning now to the second broad 
division, that dealing with mercury 
vapour lamps, one found a record of 
erer* research activity with, however, in 

is view, a ‘somewhat disappointing 
sequel. He could endorse what Dr. 
Aldington had already said to the effect 
that the research effort on this type of 
lamp was difficult and very costly. With 
smaller lamps one could easily make a 
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few dozen or a few hundred lamps, get 
a result, repeat the process, and obtain 
the true statistical background with 
which one could advance. In the case 
of fhese lamps, however, each individual 
lamp was veéry costly in man-hours, and 
only a comparatively few could be 
made. Even so, the lamps, as had been 
seen, that had been designed and con- 
structed were surprisingly successful 
structures from the point of view of 
well-engineered, high-brightness lamps. 
Yet apart from a comparatively minor 
application of some of the smaller sizes 
to profile projectors, there had been 
very little real application. He sug- 
gested that the application engineers 
should either use these lamps or else 
tell the lamp designers just what is 
wrong with them. 

Apart from some special war-time 
applications, Mr. Davies continued, they 
had been interested in their laboratory 
in the applications of these lamps to the 
cinema, both for projection purposes and 
for studio photography. They have had, 
he thought, very successful results 
which would form the occasion, in due 
course, of a paper, but there were still 
many difficulties to overcome. It would 
be belpful to the lamp designer if he 
could hear in the case of similar appli- 
cations just what the lighting engineers 
required from this lamp and the ways 
in which it might be used. 

Finally, he wished again to thank 
Dr. Aldington and to congratulate him 
on his paper. 

Added :—During the discussion 
several speakers announced that if only 
the colour difficulty could be solved, the 
mercury high-brightness lamp would be 
of immediate use for cinema projection 
and other work. As Mr. Bourne and I 
had already spoken in the discussion we 
did not contribute further, but we would 
like to take this opportunity of stating 
that even with a complete success with 
colour—and our successful result men- 
tioned above includes this—there dare 
still very great difficulties confronting 
the use of this lamp in this specialised 
application This further illustrates 
the point that I was trying to make in 
my spoken contribution that the lamp 
designers would be very greatly helped 
by advice continuously from the appli- 
cation engineers. 


Dr. E. Truscott, referring to silica 
valves, said it was well known that 


silica was an extremely difficult materia 
to handle. The author had, howeve, 
referred to such valves of the highey 
quality capable of passing up to 1) 
times the current with which one nop. 
mally had to deal. 

With regard to the interrupted light 
source, he suggested it might have 4 
valuable application in radar, especially 
on account of the saving in size and 
weight of components. Eventually, toy, 
it should find a useful application in 
industry. 


Mr. E. A. H. FRENCH said it seemed 
to him that the mercury vapour lamp 
described had two faults. The first was 
that it took some minutes (with the 
higher wattage lamps, he believed, 
about six minutes) to run up to ful 
brightness. It was expedient that the 
lamp should run up to full brightness 
in a very short time. The second fault 
with the very high-current lamp was 
the necessity for producing a field of 
sufficient capacity to carry the high 
current. He did not think these 
problems of the run-up time had yet 
been completely solved, but in the 
hands of Dr. Aldington he believed 
there would doubtless be satisfactory 
answers in the near future. 

He was particularly interested in the 
krypton-xenon lamp that had _ been 
described, and there were a few ques 
tions he wished to ask. In one instance 
they had seen the instant flash only, 
and he would like to know how the 
brightness of that flash compared with 
the higher frequency flashes. It seemed 
to him that the latter demonstration was 
not so bright. Further, he was not quite 
clear whether the flash in the case of the 
krypton-xenon lamp was produced by a 
low voltage put across the lamp and 
fired by a high-voltage coil on the out- 
side of the tube or whether it was a 
discharge from a_ high-capacity con- 
denser, similar to that in the nitrogen 
lamp. 

He also asked what was the life of 
the lamp when working at the higher 
frequency. Did the electrodes get suff- 
ciently hot to destroy the field? He 
regarded the stroboscopic effect as very 
wonderful, and said there was no doubt 
that Dr. Aldington had made a great 
advance in the development of the 
mercury vapour lamp during the past 
three years. It was only three or four 
years ago that there was shown at the 
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DISCUSSION 


Physical Society’s exhibition a tube in 
a beaker of cold water which gave a hot 
flash, and everybody thought it wonder- 
ful, Since then lamps having an enor- 
mous brightness had been developed, 
and it seemed that They would 
eventually supersede completely such 
things as the carbon arc. 


Mr. V. J. Francis said that, like Dr. 
Aldington, he had been intimately con- 
cerned with the development of these 
lamps during the war. There was not 
very much at this stage he would care 
to add to the paper, but there were 
perhaps one or, two points which might 
be worth mentioning. It was clear that 
the carbon arc had a potential com- 
petitor in these lamps, and at first sight 
it might seem a little curious that one 
could speak of them as only “ potential ” 
competitors. On the one hand there was 
no question that the mercury vapour 
discharge lamp was capable of a very 
much higher brightness than the carbon 
are. We had been shown a lamp of only 
100 watts giving 50,000 candles per 
square cm., and he knew from his own 
experience that it was not difficult to 
make lamps of 500 or 1,000 watts rating 
to give a brightness of 150,000 or 
200,000 candles per square cm., while 
the high intensity carbon arc:of 10-15 
kW rating had a brightness of only some 
100,000 candles per square cm. Nor, 
on the other hand, was there any diffi- 
culty in making large-wattage mercury 
vapour lamps; experimentally, lamps of 
10-40 kW. had been made quite success- 
fully. The difficulty in the present state 
of the art was in combining the high 
brightness with the large wattage. We 
could not, for example, make a 10-kW. 
lamp with a 5-mm. source and a bright- 
ness of 200,000 candles per square cm. 
The reasons for this were well under- 
stood; they consisted mainly in the 
difficulties of cooling the anode. This 
problem was not necessarily insoluble; 
much work had been done and was 
being done on water-cooled anodes and 
the multi-anode technique was capable 
of considerable development. If this 
difficulty could be overcome, the carbon 
are would have a serious competitor, at 
any rate in applications where colour 
was not important. 

In many applications, however, colour 
was very important, and although Dr. 
Aldington had mentioned briefly the 
possible use of cadmium and zinc, he did 
hot bring out sufficiently clearly the 


serious loss of efficiency and brightness 
which was involved in the use of these. 
It was easy to lose 30 to 50 per cent. 
of the brightness in correcting colour by 
the use of cadmium or zinc, and 
lithium was even worse. 

The author had said little about the 
luminous efficiency of the lamps he 
described. It could be agreed that the 
luminous efficiency was perhaps some- 
what irrelevant, but there was much that 
could be said, and doubtless more would 
be heard on the matter in the future. 

With regard to the flashing lamps, he 
entirely agreed with Dr. Aldington in 
the importance of the question he had 
asked, viz., what were the possibilities 
inherent in this type of technique? The 
somewhat fantastic potentialities of 
these flashing lamps had been interest- 
ing many people for a long time, and 
it was very important that there should 
be a full exploration of possible appli- 
cations without preconceived opinions 
or prejudices. Dr. Aldington did not 
mention one important field of applica- 
tion of the flashing lamp, viz., to pro- 
jection. It was not only necessary to 
have a bright source but also a small 
source if the system was to be efficient. 
If Dr. Aldington had experimented with 
small-source flashing lamps; he would 
know that there were special difficulties 
and problems involved; but if these 
could be overcome there might be a very 
big field open to the flashing lamp in 
projection. 


Mr. H. K. Bourne said that in spite 
of the great advance in the development. 
of these high brightness lamps, the use 
of them appeared to have been very re- 
stricted so far. The author did not stress 
that the special lamps he had described 
had a high actinic efficiency, and this, 
combined with their steadiness and 
cleanliness of operation, and long life, 
renders them particularly suitable as 
photographic light sources. Indeed, 
there were already indications that they 
might soon replace other light sources in 
many photographic applications, inclu- 
ding process work, and eventually in 
taking and projection of films. Also the 
compact source lamp had already proved 
to be an excellent source for profile pro- 
jectors, projection microscopes, and 
similar optical instruments. 

Dr. Aldington had mentioned the use 
of discharge flash lamps for high-speed 
photography. Mr. Bourne believed that 
these lamps had been used so far on 
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relatively low voltages of 1, 2, or 4 kV. 
The light output from the flash is ap- 
proximately proportional to 4CV? and 
the duration of the flash increases with 
increasing capacity. Thus, to produce 
an intense flash of very short duration 
it is necessary to use a very high voltage 
with a small capacity. Most existing 
lamps have so far a flash duration which, 
although shorter than that given by 
normal photofiash bulbs, is still too long 
to enable photographs of very high-speed 
movements to be taken. He therefore 
thought that these lamps might be more 
useful if they were operated on a volt- 
age of say 10 to 15 kV so that, with the 
same energy in each flash, the flash dura- 
tion could be reduced to a few micro- 
seconds. He asked Dr. Aldington 
whether he thought that the future trend 
would be to use these higher voltages. 


Mr. C. A. HuGues, referring to the 
“intermittent” source, remarked that 
the industry would be set a difficult 
problem in the design of a kW-hour 
meter which would only revolve whilst 
the flash was taking place! It might be, 
as had been suggested, that the people 
concerned with the application of these 
novelties were falling behind in their job. 
It must, however, be recognised that in 
this field development was proceeding 
very rapidly—indeed, almost before one 
invention had become familiar something 
newer and better made the previous dis- 
covery obsolete, so that the develop- 
ment man was not given time to catch 
up with the research man. 


Mr. J. S. Dow expressed his interest 
in the intermittent source of light de- 
scribed by the author. He recalled 
several inventions of the past based on 
persistence of vision; for example, those 
in which lamp filaments were switched 
on and off at rapid intervals in the hope 
of getting a greater visual effect for less 
expenditure of energy, or those in which 
filaments were put in rapid rotation so 
as to produce the effect of a solid source, 
with the same intention. These inven- 
tions, he believed, were based on mis- 
conceptions. 

In regard to the source exhibited by 
Dr. Aldington, it could be well under- 
stood that the effect of a very bright 
flash of short duration might be very 
much the best for the purpose of pro- 
ducing a momentary striking effect, as in 
signalling. Whether such a lamp was 
also very efficient for the purpose of pro- 


ducing a steady illumination was not s 
evident. This could only be tested by 
comparing, photometrically, the illumi. 
ation produced (presumably by pulses g 
rapid as to cause an apparently steady 
brightness) with that of a constant 
source of similar energy consumption, 
Unless there was some _ special 
phenomenon, arising from the very brief 
intervals of brilliancy, to be taken into 
consideration, it hardly seemed possible 
—bearing in mind the validity of Talbot's 
Law and experiences with the use of 
rotating sector discs in the laboratory— 
that any gain in efficiency in the sense of 
furnishing illumination could be shown, 


Mr. J. S. PRESTON said he thought the 
explanation of the point raised by Mr, 
Dow lay in the state of the eye. When 
there was an intense flash for a very 
short period, the eye was given a rather 
sudden kick from it. With a low repeti- 
tion frequency at least, the iris and the 
retina might recover somewhat between 
one flash and the next, so that when each 
successive flash occurred the eye would 
be functioning at a sensitivity level ap 
preciably higher than the average, In 
other words, flicker might become per- 
ceptible at frequencies hitherto regarded 
as permissible if the ratio of flash dura 
tion to dark interval, in each cycle, were 
made very small. He would be surprised, 
however, if a breakdown in Talbot’s Law 
could be demonstrated under any condi- 
tions in which persistence of vision was 
fully operative, and there was no per 
ceptible flicker. 

There was one question which he 
would like to put to the author. He 
knew very little about these flash lamps, 
but it seemed to him that if the flashes 
were short enough, and the loading on 
the lamp high enough during the flashes, 
it might be possible to get a still higher 
efficiency in lumens per watt than was 
the case with a steady source of illumin- 
ation or with the ordinary discharge lamp 
running on 50 cycle A.C. Was this in 
fact so? 


Mr. A. G. Penny did not think that in 
the present stage it could be said that 
development engineers were lagging be 
hind. Indeed, at the moment, it was 
really the lamp engineers who were 
lagging behind because they were not 
providing the development engineer 
with tools of which he could make ade 
quate use, especially in the matter of 


~~ eae 


XUM 














good colour film projection which was 
now an essential requirement for any 
new projection lamp. Whilst the small, 
steady ‘ight source was much appre- 
ciated its use was prevented if large 
qntaining bulbs were used. We should 
have to get away from the idea of the 
outer jacket for smaller size lamps. It 
was true that certain experimental 
lamps of this type had been produced, 
but a fuller appreciation was required 
of the need for doing away with the 
outer jacket. More attention should be 
paid to the value of forced cooling 
which was, in any case, required (for 
all but the smaller lamps) in order to 
keep the’ lamphouse and optical com- 
ponents cool, He agreed with Dr. Ald- 
ington that flashing or pulsating dis- 
charges was a new field of development 
with great possibilities for the lamp 
engineer’. 


Mr. C. R. BICKNELL said that if the 
flash technique could be controlled to 
produce enough light in lamps of small 
enough dimensions, they would have an 
application in cinematography, and the 
colour problem would be overcome. 


Mr. J. Hitt said he had made some 
photographic experiments with the flash 
discharge tube and hoped in the near 
future to publish figures and curves 
giving the results. In some rough ex- 
periments with the lamps which had 
been demonstrated, operating at 4,000 
volts, and a condenser of suitable 
capacity, the average efficiency during 
the flash had been of the order of 100 
lumens per watt. 

As to the question the author had 
put concerning the illuminating value of 
such sources of light, it seemed to him 
they were speculating on rather uncer- 
tain data. It might be that it was the 
lumens fper second that counted. It 
would be better to make a simple photo- 
metric measurement, if the flash rate 
was high enough to produce a steady 
illumination. There should not be very 
much difficulty in making a photometric 
match, and it would be possible to find 
out what the effect was. 


Mr. E. Martin, speaking as an ama- 
teur projectionist, agreed with what had 
been said as to the application of these 
lamps to cinematography, and the need 
for the right colour. He did not agree 
that these light sources, for cinemato- 
Staphy, could be regarded as large. 
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In other forms 


of projection light- 
ing, the requirement was a very small 


source of light. What should be aimed 
at was a really small optical source of 
light with an optical system which 
would enable a perfectly focused and 
clearly illuminated screen, As regards 
the flash discharge lamp, once this be- 
came a commercial proposition, he could 
suggest many applications for it. 


Mr. R. PALMER said that in connection 
with cinema projection, the life of the 
lamp was very important. It must not 
fail after a few switchings nor take too 
long to run up. 


Mr. E, H. NELSON commented on the 
fact that the polar distribution of these 
lamps was quite different from that of 
the carbon arc, and he did not think it 
was so suitable. It was possible, how- 
ever, to obtain a polar distribution very 
similar to that of the carobn arc by mak- 
ing the cathode very small and the anode 
very large. 

There was also a point in connection 
with the water-cooled lamp which had 
been shown to give such a remarkable 
definition. He understood that this 
lamp, with high power, could shorten 
the time of exposure; but he was not 
quite clear in what way nor how it 
improved the definition of the negative. 


Mr. T. Isaacs said he was particularly 
interested in the demonstration of re- 
charging a _ high-pressure mercury 
vapour lamp by heating an auxiliary 
electrode. He thought there should be 
a method of doing this which would 
answer many of the criticisms of the 
application people as regards the time 
taken to run up. The present difficulties 
might be involved in the use of the 
large bulb. A method of dealing with 
the high voltage short period impulses 
similar to that employed with ignition 
coil sparks would be preferable. That 
could easily be applied in all wattages 
for a.c., and d.c. 


Dr. J. N. ALpInGcToN, replying to the 
discussion, after having thanked the 
various speakers for their kind remarks 
and for their constructive comments, 
said that when the full paper was pub- 
lished it would be found that many of 
the points raised during the discussion 
had already been dealt with. 

Experiments had shown that when 
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the special flash discharge lamp was 
operating at about 200 cycles per second 
the noticeable stroboscopic effect dis- 
appeared. The actual flash frequency at 
which a marked change in this respect 
was produced appeared to be deter- 
mined to some extent by the shape of 
the light output curve and the magni- 
tude of the parameters associated there- 
with. It was only to be expected that 
knowledge was incomplete in so new a 
field, Various speakers had raised points 
in connection with the possibilities ‘of 
applying the high brightness mercury 
vapour lamp to cinema projection and 
photography. There was an additional 
point which had not been mentioned in 
the discussion but which was relevant in 
this connection. It would appear possi- 
ble—and some workers in the field of 
colour film production had agreed—that 
in the event of a mercury vapour or 
other modified type of high brightness 
lamp being produced which gave a 
reasonably good rendering of colour 
over most of the visible spectrum, it 
might be possible to vary the film re- 
sponse and processing to take account 
of peculiarities in the spectral dis- 
tribution of the light to produce an 
entirely satisfactory colour response on 
projection. 

Dr. Truscott, referring to silica valves, 
had expressed interest in the high cur- 
rent direct metallic seals through 
quartz. The author stated that he him- 
self had been surprised on more than 
one occasion when he had seen these 
high power valves still being made with 
lead seals that the new sealing technique 
developed by the lamp research labora- 
tories had not been applied to a greater 
extent in high power valve design. 

Mr. French’s remarks regarding some 
of the limitations affecting the large 
scale use of high power ME lamps were 
very apt, but as has been mentioned 
already direct hermetic seals through 
quartz had been produced capable of 
carrying 300 amperes continuously. Such 
seals were already being used in some 
of the special lamps which were de- 
scribed in the paper. 

Dr. Aldington stated that in the 
krypton xenon flash discharge lamp it 
was necessary to keep the integrated 
power dissipated by the lamp substan- 
tially constant. For this reason the 
power dissipated in a single flash was 
many times greater than that employed 


in each flash when the lamp was work 
ing continuously at, say, 200 cycles per 
second. He confirmed Mr. French; 
supposition that the triggering of the 
tiash was by the application of a high 
voltage field in the vicinity of the flay, 
tube. This matter again was dealt with 
at some length in the published paper, 
Life tests on some of the types of lamp 
described had indicated that many thou. 
sands of flashes could be obtained. A 
conservative estimave would be 10,00 
flashes and the actual life might bh 
many times this value. 

In thanking Mr. V. J. Francis for his 
contribution Dr. Aldington agreed that 
in the present state of the art one of the 
difficulties was to produce, in a practical 
form of lamp, a combination of the 
extremely high brightness obtainable 
with the smaller lamps and the high 
wattages such as 15 to 25 kKW., whic 
represented the limiting range in the 
author’s experience for non-forced cooled 
types. 

With regard to the luminous efficiency, 
the author’s work had indicated an 
optimum value of something slightly 
less than 60 L/W for the air-cooled 
mercury vapour arc operating under any 
conditions. The validity of this conclu- 
sion had been investigated over a very 
wide range of operating conditions. 

In reply to the further point made by 
Mr. Francis in respect to the flashing 
lamp for projection, Dr. Aldington stated 
that it had been proposed to demon- 
strate a point source flash discharge 
lamp under projection conditions, and 
the lamp was available in the lecture 
theatre, but time had not allowed this 
to be done. He could, however, say that 
some extraordinarily interesting results 
had been obtained. One of the difficul- 
ties with such sources was to arrange 
the triggering field so that the arc was 
not drawn out of its true passage by the 
high concentration of ions in the gas at 
points remote from the shortest distance 
between the electrodes. The effect of 
this condition caused by the triggering 
field was often to pull the discharge 
away from the true arc space, and so to 
upset the focusing of any projector in 
which the lamp was designed to operate. 
Means were, however, available for over- 
coming these effects. 

The point raised by Mr. Bourne re 
garding the longer duration of a flash 
if the tube was designed for voltages up 
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to, say, 4 KV., compared with what could 
be obtained on 10 to 15 kV., was largely 
true. It should be noted, however, that 
itwas possible to design flash tubes with 
an effective duration of not more than 
one or two microseconds, and there had 
been a number of applications for such 
tubes in recent years, and in this con- 
nection the most potent factors affecting 
the flash duration were lamp design 
factors, and not primarily circuit factors. 
One disadvantage of very high voltage 
tubes, and the author’s laboratories had 
worked in the regions mentioned by 
Mr. Bourne, was the increased weight of 
capacitors, which required to be insu- 
lated for very high voltage pulse 
conditions. 

Replying to Mr. Hughes, the author 
stated that he believed that Mr. Hughes 
was not unaware of the fact that in most 
of the circuits employed for flash dis- 
charge tube operation the drain on the 
supply was practically continuous. It 
was only the output from the condenser 
which was of a highly intermittent 
nature. 

The comments of Mr. Dow and Mr. 
Preston had been of great interest to the 
author. It was primarily because there 
was always a danger in assuming that a 
socalled law was absolute that the 
author had had the temerity to raise the 
issue that the properties of these highly 
peaky and intermittent sources should 
be investigated without prejudice. Dis- 
coveries follow largely on an unbiased 
and objective approach and the author 
was not prepared to accept, without 
further investigation, the validity of 
Talbot’s law as applied to a type of illu- 
mination which offered so many new 
and interesting possibilities as had been 
described in the paper. 

Dr. Aldington said he felt sure that 
both his own people and the other 
workers in the fields of research which 
had been under review would take note 
of the remarks of Mr. Penny without 
necessarily agreeing that it was the lamp 
engineers who were lagging behind. 

He was very pleased that Mr. Hill had 


been able to come along, and he was 
sure that members would be interested 
in hearing of the high average efficiency 
which Mr. Hill had found in measuring 
lamps of the types produced in the 
author’s laboratories at Preston. The 
method of investigation suggested by Mr. 
Hill for determining the illumination 
which could be obtained under a flash 
system was that actually used by the 
author in some of the work which had 
led to the published statements in his 
paper. Such investigations were, how- 
ever, fraught with many difficulties. 

In thanking the remaining speakers 
for their contributions, the author stated 
that it would be wrong for anyone to 
leave the meeting with the idea that the 
high-pressure mercury lamp was an un- 
reliable piece of,equipment. In the ex- 
perience of many users it was most 
reliable, and while the use of smaller 
ME type lamps was already assured a 
number of interesting fields were open- 
ing up with the larger sizes. Progress 
on the application side might be slow, 
but he believed that it would neverthe- 
less be sure. A remarkable feature in 
connection with the other main class of 
lamp which has been described, i.e., the 
high brightness condenser flash dis- 
charge lamp, had been the many and 
varied applications which had been 
opened up since details of this develop- 
ment had been generally released. 

The author wished to place on record 
his appreciation of the fruitful collabora- 
tion with members of the staff of the 
General Electric Co., Ltd., under Dr. C. 
C. Paterson, and with those of the 
research laboratories of the British 
Thomson Houston Co., Ltd., under Mr. 
L. J. Davies. He was especially pleased 
to have with him as demonstrators his 
colleagues, Mr. A. J. Meadowcroft and 
Mr. W. H. Cumming, who had been 
largely responsible for the demonstra- 
tions and who had borne the brunt of 
the experimental work which, under the 
author’s direction, had been carried out 
in the Siemens Lamp Research Labora- 
tories at Preston. 
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SESSIONAL MEETINGS IN LONDON 


A Sessional Meeting was held at the 
Institution of Mechanical Engineers, 
Storey’s-gate, Westminster, S.W.1, at 
6 p.m., on Tuesday, January 8, 1946. 

Mr. H. C. Weston (President) pre- 
sided. 

The minutes of the previous meet- 
ing having been taken as read and 
confirmed, the President called upon 
Dr. J. W. T. Walsh, Mr. F. C. Smith 
and Mr. J. M. Waldram to introduce 
the general discussion on the “ British 
Standard Specification for Street 
Lighting.” 

In the ensuing discussion, Dr. S. 
English, Mr. T. Wilkie, Mr. P. Hartill, 
Mr. A. G. Brown, Mr. A. Cunnington, 
Mr. Howard Long, Mr. L. G. Minchin 
and others took part. 

After Dr. Walsh, Mr, Smith and Mr. 
Waldram had briefly replied to the 
discussion, a grateful vote of thanks 
was accorded to these gentlemen for 
their contributions and the meeting 
terminated. 


A Sessional Meeting was held at the 
E.L.M.A. Lighting Service Bureau, 2 
Savoy-hill, London, W.C., at 6 p.m, op 
Tuesday, February 12, 1946. 


Mr. H. C. Weston (President) was 
in the chair. 


The minutes of the previous meet 
ing having been taken as read and 
confirmed, the President called upon 
Mr. H. S. Allpress to read his paper 
entitled “The Design and Perform. 
ance of Industrial Lighting.” 


In the ensuing discussion Mr. F. L, 
Cator, Mr. S. D. Lay, Mr. J. Ashmore, 
Mr. R. Pye, Mr. D. C. Battie, Mr. J. G. 
Christopher and Mr. J. B. Harris took 
part. 


After Mr. Allpress had briefly re 
plied to the discussion, a cordial vote 
of thanks was accorded to him for his 
paper, and also to the E.L.M.A. Light. 
ing Service Bureau for _ their 
hospitality. 





Joint Meeting with Science 
Masters Association 


A joint meeting with the Science 
Masters Association will take place in 
the large physics theatre at the Imperial 
College of Science, South Kensington, on 
Wednesday, April 17, 1946. Light re- 
freshments will be provided at 5 p.m., 
following which a specimen lecture, for 
delivery in schools, entitled “ Light and 
Your Eye,” will be presented by Mr. 
W. R. Stevens and Mr. S. S. Beggs. 


Annual General Meeting 

The Annual General Meeting of the 
Society will take place in the lecture 
theatre of the Institute of Electrical Engi- 
neers, Victoria Embankment, London, 
W.C., at 10 a.m. on Wednesday, May 1i, 
when the Report of the Council and Ac- 
counts for the past year will be presented 
and the usual resolution in regard to the 
appointment of Auditors will be put to 
the meeting. 





The Illuminating Engineering Society is not, as a body, responsible for the opinions expressed by 
individual authors or speakers. 5 
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